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Description 

Field of the Invention 

This invention relates to apparatus for pro- 
ducing a spray of droplets of a liquid. 

Background of the Invention 

Electrostatic spraying apparatus is described in 
British patent specification No. 1,569,707, which 
apparatus comprises a spray head having a con- 
ducting or semiconducting surface; means for 
electrically charging the sprayhead surface to a 
potential of the order of 1—20 kilovolts; means 
for delivering spray liquid to the surface; a field- 
intensifying electrode mounted adjacent to the 
surface; and means for connecting the field- 
intensifying electrode to earth, the electrode 
being so sited relative to the surface that when 
the surface is charged, the electrostatic field 
thereat causes liquid thereon to atomise without 
substantial corona discharge to form electrically 
charged particles which are projected past the 
electrode. 

In use of such apparatus, as the liquid leaves 
the surface, it is or becomes charged due to the 
voltage applied to the surface. The charge pro- 
duces a repulsive force within the liquid, which 
overcomes the surface tension thereof causing 
the liquid to form into one or more cones, some- 
times called Taylor cones, dependent on the 
configuration of the surface. A ligament of liquid 
is repelled from the tip of the or each cone. The 
ligament then breaks up into droplets. 

The size of the droplets in the spray is distri- 
buted over a narrow range compared to other 
sprayers. The size of the droplets which is 
obtained depends on the resistivity and the 
viscosity of the liquid to be sprayed, on the 
electrical field strength at the spray head, and on 
the flow rate of the liquid through the spray head. 
The presence of the field-intensifying electrode 
adjacent the surface defines the electric field 
largely independent of the distance of the spray- 
head from the target Therefore the droplet size is 
largely independent of the distance from the 
target and can be defined by adjusting the resis- 
tivity and the viscosity of the liquid and the 
voltage applied to the spray head. 

The production of a spray of droplets having a 
narrow size range can be very useful. For example 
the behaviour of the droplets will be- more uni- 
form if the range of sizes is narrow. There are, 
however, applications when the fact that the 
droplets are charged is unwanted. British patent 
specification No. 2,01 8,627 B describes a system 
for producing a spray which is at least partially 
discharged. To do this an earthed spike is intro- 
duced near the sprayhead. In use an ionic dis- 
charge is induced from the spike which dis- 
charges the spray at least partially. 

A particular application in which it would be 
useful to produce a non-charged spray of droplets 
having a narrow distribution of size, is in inhalers 
to administer drugs to a patient, for example for 
the treatment of asthma, bronchitis and emphy- 



sema. Owing to the fine tubular structure in the 
lungs the depth to which a particular droplet will 
penetrate the lungs depends on the size of the 
droplets. Droplets of the order of 5 microns will 

5 reach only the upper respiratory tract, which is 
quite satisfactory for the treatment of asthma, but 
for the treatment of emphysema, it is necessary 
for the droplets to reach the alveoli in the lower 
respiratory tract, and for this purpose, droplets in 

io the range 0.5 to 2 microns are required. Current 
state of the art aerosol inhalers produce a wide 
spectrum of droplet sizes extending up to 37 
microns. Current state of the art nebulizers will 
produce droplets of the required small size, but 

15 only in conjunction with droplets of larger sizes, 
so that with current nebulizers, only a proportion 
of an anti emphysema drug will reach the 
required site of action in the alveoli. 
Naturally, it is desired that the spray produced 

20 be completely discharged for such an application. 
Charged spray would deposit in the mouth or 
throat, which would be unpleasant, and would 
not be inhaled. 
In practice, we found it difficult to discharge all 

25 of the droplets produced. It was possible, using 
an earthed needle to discharge a large part of the 
spray. However, when it was attempted to dis- 
charge all the droplets, the ionic discharge (or 
corona) from the needle reached the cone. This 

30 discharged the cone itself which depleted or 
destroyed the formation of a ligament and thus of 
a spray. 

Summary of the Invention 

35 This problem is overcome in apparatus for 
producing a spray of droplets of a liquid, compris- 
ing: a spraying edge; a field-intensifying elec- 
trode spaced from the spraying edge and having 
an orifice through which liquid sprayed from the 

40 edge can issue; and means for producing a 
charge to a high potential of one polarity relative 
to the field-intensifying electrode in liquid at the 
spraying edge, to define an electric field between 
the edge and the field-intensifying electrode suffi- 

45 cient to cause the liquid to issue from the edge as 
at least one cone from which electrostatic forces 
repel through the orifice a ligament which breaks 
up into a spray of charged droplets; characterised 
in that the apparatus also comprises a sharp 

so discharge electrode and means for charging the 
discharge electrode to a high polarity relative to 
the field intensifying electrode, such as to pro- 
duce a corona to discharge the spray, and further 
characterised in that the field intensifying elec- 
ts trode takes the form of a shield electrode of 
sufficient overall dimensions and having a suffi- 
ciently small orifice to shield the edge and the 
cone of liquid from the corona. 
As an example, the spraying edge may be 

60 connected to a positive output of a high voltage 
supply, the shield electrode to earth and the 
discharge electrode to a negative output. In one 
alternative, the spraying edge may be connected 
to a positive high voltage output of the supply, the 

65 discharge electrode to a lower voltage output and 
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the shield electrode to an intermediate voltage 
output. 

To have the desired shielding effect, the orifice 
in the shield electrode must be quite smaii. We 
found it surprising that the spray did not merely 
deposit on the shield, indeed it will if the orifice is 
too small. We found it is possible to choose an 
orifice size which is large enough to allow the 
spray of droplets through without substantial 
deposition on the shield electrode, whilst at the 
same time is small enough to prevent the corona 
reaching the cone of liquid at the spraying edge. 

The shield electrode may be constrained to earth 
potential or may perhaps float. 

The spray itself does not present sufficient space 
charge to induce an ionic discharge (corona), so 
because the shield electrode isolates the discharge 
electrode from the spraying edge, an ionic dis- 
charge cannot be induced if the discharge elec- 
trode is earthed. Means are therefore provided to 
charge the discharge electrode to a potential of 
polarity suitable to discharge the spray. All the 
droplets in the spray can be discharged without 
upsetting the formation of a ligament. 

In one form, the invention provides an inhaler 
for producing a spray of droplets of a liquid to be 
inhaled, characterised by walls defining, with a 
shield electrode, a chamber having an air passage 
therethrough; a spraying edge, the shield elec- 
trode being spaced from the edge and having an 
orifice through which liquid sprayed from the edge 
can issue into the chamber; means for producing a 
charge of high potential of one polarity relative to 
the shield electrode in liquid at the spraying edge, 
to define an electric field between the edge and the 
shield electrode sufficient to cause the liquid to 
issue from the spraying edge as at least one cone 
from which electrostatic forces repel through the 
orifice a ligament which breaks up into a spray of 
charged droplets; a sharp discharge electrode 
spaced from the shield electrode in said chamber; 
means for charging the discharge electrode to a 
high potential of the other polarity relative to the 
shield electrode, such as to produce a corona to 
discharge the spray, the shield electrode being of 
sufficient overall dimensions and having a suffi- 
ciently small orifice to shield the edge and the cone 
of liquid from the corona. 

Problems can arise when it is attempted to put 
the spraying edge, shield electrode and discharge 
electrodes inside a chamber. For example, there is 
a tendency for the spray to deposit on the chamber 
walls. There is more than one mechanism which 
may produce this effect. Obviously there may be 
some deposits due to collisions between the 
discharged droplets and the chamber wails. A 
much greater deposit may be caused, however, if 
the spray is not completely discharged due, for 
example to the voltage on the discharge electrode 
not being high enough or being poorly directed. 
Any droplets remaining charged will deposit on 
the chamber walls. To assist the discharge of the 
spray, the chamber is preferably swept completely 
by corona to the shield electrode, so that there are 
substantially no pockets where droplets could 



escape being discharged. To this end, the dis- 
charge electrode is preferably positioned at the 
chamber wall and protrudes into the chamber 
from the wall by a small amount. The chamber wall 

5 at which the discharge electrode is positioned is 
also preferably concave with respect to the 
chamber, so that there is little or none of the 
chamber behind the corona. 
Droplets may also be caused to deposit on the 

w chamber walls if the walls become charged by 
corona from the discharge electrode. This may be 
caused by the discharge electrode being at too 
high a voltage, so that there is spare corona after 
the spray has all been discharged, or by the 

is discharge electrode being poorly directed or posi- 
tioned. The walls become charged oppositely to 
the spray, which attracts both charged and dis- 
charged droplets. The walls may become so highly 
charged as to produce a reduction in the corona 

20 discharge from the discharge electrode. In turn 
that may cause less than all of the spray to be 
discharged. 

This effect may be reduced or prevented by 
choosing a material for the chamber walls which is 

25 less than completely insulating so that if corona 
produces unwanted charge on the walls, this can 
leak away. Additionally or alternatively, the shield 
electrode may be cup shaped, inside or forming 
part of the chamber walls extending towards the 

30 discharge electrode. 

Brief Description of the Drawings 

An embodiment of the invention, given by way 
of example, will now be described with- reference 
35 to the accompanying drawing, in which: 

Figure 1 shows schematically and partly in 
section, an inhaler embodying the invention; 

Figure 2 shows an enlarged section of part of the 
apparatus of claim 1; 
40 Figure 3 is a schematic cross section through an 
alternative spraying edge 7 for the apparatus of 
Figure 1; and 

Figure 4 illustrates schematically the effect of 
discharging the spray in a prior art electrode 
45 arrangement. 

Detailed Description 

Referring to Figures 1 and 2 (which are not to 
scale), liquid which it is desired to atomise is 

so supplied via an insulating pipe 2 to an outlet 6 for 
the liquid. In the apparatus illustrated the outlet 6 is 
a metal capillary tube and is thus electrically 
conducting. The end of the outlet provides a 
spraying edge from which the liquid is sprayed. 

55 Spaced from and in front of the spraying edge 7 
is a shield electrode 8. The outlet 6 and the shield 
electrode 8 are connected to respective terminals 
of a high voltage generator 10 which in use 
charges the spraying edge 7 to a high voltage of 

60 one polarity, preferably positive, with respect to 
the shield electrode 8. The voltage between the 
spraying edge 7 and the shield electrode 8 pro- 
duces a sufficient electric field strength between 
them to draw a cone 1 1 of liquid from the spraying 

65 edge. The liquid leaving the spraying edge 
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becomes charged, negative charge being con- 
ducted away by the conducting spraying edge 7, 
leaving a net positive charge on the liquid. The 
charge on the liquid produces internal repulsive 
electrostatic forces which overcome the surface 
tension of the liquid forming a cone of liquid from 
the tip of which issues a ligament 12. At a distance 
from the spraying edge, the mechanical forces 
produced on the ligament due to travelling 
through the air cause it to break up into charged 
droplets of closely similar size. The shield elec- 
trode 8 replaces the field intensifying electrode 
described in the above mentioned British patent 
specification No. 1,569,707. 

In order to produce the very small droplets 
necessary for an inhaler, the electric field strength 
produced between the spraying edge and the 
shield electrode needs to be high. For example, 
the voltage between the shield electrode 8 and 
the spraying edge may be in the region of 5 Kv, 
whilst the spacing between them may be less 
than 5 mm, say, 2 mm. It is known that air ionises 
differently at the different polarities and that the 
threshold is higher for positive potentials. In order 
to produce the small droplets referred to, the 
electric field strength is found to be so high that if 
the spraying edge 7 is charged negative relative 
to the shield electrode 8, there is a substantial risk 
of corona from the spraying edge and/or the cone 
11 which interferes with or destroys the stability 
of the ligament. We have found that suitably 
small droplets can be produced when the spray- 
ing edge is charged positive, without the risk of 
corona from the spraying edge 7 or cone 11. 

The formulations used in inhalers have a resis- 
tivity which is much lower than that usually used 
for electrostatic spraying. In most prior art 
applications, say, paint spraying or spraying agri- 
cultural pesticides, in order to obtain a useful flow 
rate, the liquids to be sprayed usually have 
resistivities in the range 10 8 to 10 10 ohm cm. The 
formulations which might be used in an inhaler 
are expected to have resistivities in the range 5 x 
10 3 to 10 8 ohm cm. Although spraying of liquids 
which have a resistivity at the low end of the 
range is known from, say, US patent specification 
No. 1,958,406 it only works at low flow rates 
which have not been of much practical use. If the 
flow rate is too high, the ligament becomes 
unstable. We have found, however, that a stable 
ligament can be produced, and the apparatus can 
be made to spray satisfactorily, if the flow rate is 
low enough, a situation which is appropriate to 
inhalers, but not perhaps to agricultural or paint 
sprayers. It is likely that suitable formulations will 
have resistivities in the range 10 5 to 10 7 ohm cm. 
Given that a stable spray can be produced, the 
lower resistivities assist in the production of a 
small droplet size. All other parameters equal, we 
find that the lower the resistivity, the smaller the 
droplet size. 

The shield electrode has an orifice 14 aligned 
with the spraying edge 7 and sufficiently large 
that the ligament or the droplets pass through, 
dependent on whether the ligament breaks up 



before or after the shield electrode, to produce a 
spray of droplets in a chamber 15 beyond the 
shield. If the orifice were too small the droplets or 
ligament would deposit on the shield electrode 8. 

5 Previous expectations as expressed in the above 
mentioned British patent specification No. 
1,569,707 would have been that with the shield 
electrode positioned downstream of the atomis- 
ing tip of the ligament, droplets would deposit on 

10 the shield electrode even with an orifice very 
substantially larger than illustrated. A small 
orifice is required in the present apparatus for 
reasons explained below. 
In order to produce a spray which is inhalable, 

is the droplets which issue through the orifice 14 
must be discharged. This is effected by a dis- 
charge electrode in the form of a needle 16. In the 
embodiment illustrated, the needle is directly in 
the path of the spray. In alternative embodiments, 

20 one or more discharge electrodes may be posi- 
tioned out of the direct path of the spray. The 
discharge electrode is connected to the high 
voltage generator 10 which, in use, charges the 
discharge electrode 16 to a high potential relative 

25 to the shield electrode 8 and of opposite polarity 
to that of the spraying edge, in this case negative. 
The shield electrode may be provided with a 
connection to earth, perhaps via a leakage path 
through the user of the inhaler, or may be left 

30 floating. 

The discharge electrode 16 is driven to a suffi- 
ciently high voltage relative to the shield elec- 
trode 8 as to produce a corona discharge. The 
negative ions so produced discharge droplets in 

35 the spray issuing through the orifice 14. 

The distinction between charged droplets and 
discharged droplets is very obvious visually. Any 
droplets remaining charged in the spray, are 
highly mobile in a predictable path. Discharged 

<o particles appear as a cloud or smoke which drifts 
unpredictably in the air currents. 

If a prior art field intensifying electrode were 
used in the place of the present shield electrode, 
there would be considerable difficulty in discharg- 
es ing all the droplets in the spray. Why this is so can 
be understood by considering what happens as 
the voltage on the discharge electrode is 
increased from a voltage insufficient to cause 
ionic discharge. 

so Figure 4 shows an enlarged and schematic view 
of what would happen. A prior art field intensify- 
ing or field adjusting electrode is illustrated at 27. 
At the larger scale used in Figure 4, the ligament 
12 can be seen oscillating at 28 due to mechanical 

55 disturbance of passing through the air. The liga- 
ment breaks up into droplets which separate into 
a spray bounded approximately by a cone indi- 
cated in broken outline at 30. Within the spray, the 
charged droplets are highly mobile in predictable 

60 paths generally to the right of Figure 4. At a 
threshold the voltage is sufficiently high that the 
electric field strength around the sharp tip of the 
needle ionises the surrounding air leaving free 
negative ions. These discharge surrounding drop- 

65 lets in an area bounded, say, by broken line 32. 
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The discharged droplets are easily identifiable 
visually. They lose their predictable mobility, 
becoming a drifting smoke which is very distinct 
from the charged droplets. As the voltage is 
increased droplets are discharged further from 
the discharge electrode, so that more of the spray 
is discharged as indicated by, say, broken line 34. 
When the voltage applied to the needle is suffi- 
ciently high that the boundary of the discharged 
droplets, indicated by broken line 36, reaches the 
edge of the spray cone 30, the spray (which is 
travelling to the right in Figure 3) would be 
completely discharged. Unfortunately, at this 
point the corona uncontrollably jumps to the cone 
11 and/or the spraying edge 7, which discharges 
the cone 11. Since it was the charge on the liquid 
which overcame the surface tension thereof to 
form the cone 11 and repel the ligament 12 
therefrom, discharging the cone 11 destroys the 
spray. 

The shield electrode 8 is arranged to shield the 
spraying edge 6 and the cone 11 from the corona 
thus enabling all the droplets in the spray to be 
discharged without danger of the cone being 
discharged. To achieve this, the orifice 14 must 
not be too large otherwise corona will find its way 
through. As mentioned above, the orifice must 
not be too small either, otherwise the droplets will 
not spray through the orifice but will deposit on 
the shield electrode. We have found it entirely 
possible to balance these conflicting require- 
ments so that the orifice can be at the same time 
neither too large nor too small. With a flow rate of 
about 40 microlitres per minute, we found that the 
apparatus could be made to work with a hole 14 
having a diameter in the range 2 mm to 1 cm. At 
the small end of the range, there was a greater 
tendency to spray onto the shield electrode. At 
the larger end of the range, there was a greater 
tendency for the corona to leak through the hole 
to the cone 1 1. Complete discharge of the spray 
can be ensured by adjusting the position of the 
needle 16 and the voltage applied thereto. We 
found no need in the arrangement illustrated for 
the voltage to be more than 10 Kv and that it 
could, indeed, be well below that. 

The overall dimensions of the shield electrode 
must be sufficient to prevent corona reaching the 
cone 1 1 or spraying edge 6 round the outside of 
the electrode. 

The shield electrode 8 may be metallic but need 
not necessarily be of such a good conductor as 
that. What is required is that the shield electrode 
should be sufficiently conducting to remove any 
charge which may accumulate due to the ionic 
discharge. 

The outlet 6, shield electrode 8 and discharge 
electrode 16 are contained within a capsule 50 
having a volume of about 200 ml, defining the 
walls of the chamber 15. In order to reduce 
interference with the electrical fields produced 
between the spraying edge and the shield elec- 
trode on the one hand, and the discharge elec- 
trode and the shield electrode on the other hand, 
the capsule is made of an insulating or semi- 



insulating material. Polyethylene plastics is an 
example of a very highly insulating material. In 
order that any charge received by the capsule 
may leak away, it may be preferred to use a less 

s insulating material for example polycarbonate, 
polyethylene terephthalate or polyacetai. The 
shield electrode may be cup shaped extending 
inside the walls towards the discharge electrode, 
or may form part of the walls. 

io Two holes 52 and 54 provide an air passage 
through the chamber 15 transverse to the direc- 
tion in which the spraying edge sprays. The 
discharged spray can thus be removed in an 
airstream across the chamber and inhaled. The 

is airstream may be produced by the user inhaling 
or, if necessary or preferred, by a fan (not shown). 

The discharge electrode 16 has a sharp tip 
which just projects into the chamber 15. The wall 
containing the discharge electrode is concave 

20 with respect to the chamber. Both these features 
are intended to reduce the volume of the chamber 
which is behind (to the right in Figure 2) of the 
corona discharge. It is desired that the corona 
discharge sweeps as much of the chamber 15 as 

25 possible without, being so directed as to charge 
the walls of the chamber which would be both 
wasteful and could charge the walls so interfering 
with the formation of corona as mentioned above. 
To facilitate the user inhaling the discharged 

30 spray, the air passage communicates with a face 
mask 56 as shown in Figure 1. A non return valve, 
for example a flap (not shown), may be placed 
between the face mask and the capsule to prevent 
exhaled breath blowing the discharged droplets 

35 out through the hole 54. 

Also shown in Figure 1 is a supplies pack 38, 
which in this case is shown separate. The liquid 
supply tube 2 and the high voltage electrical leads 
are bundled together as indicated schematically. 

40 A mobile emphysema patient, for example, can 
put the supplies pack in a pocket and move about 
whilst using the mask. The supplies pack contains 
the high voltage generator 10 and delivery means 
40 for supplying metered amounts of the liquid to 

45 be inhaled. 

The flow rate of the liquid supplied to the outlet 
di/J 6 is required to be very accurate. Accuracy is 
required both so that the patient gets the correct 
•-'/" dose, and so that the droplet size remains 

so accurate. 

In order to achieve the required accurate flow 
rate, the delivery means 40 comprises a syringe 
42 containing the liquid. The syringe is replace- 
able when empty. The syringe has a plunger 44, 

55 which is driven directly by a friction wheel 45. 
This is driven by a stepping motor and reduction 
gearbox 46 controlled by an electrical controller 
48 which may include means for setting the rate, 
or alternatively the rate may be fixed. This general 

60 arrangement is already used in a metered pump 
for administering successive doses of insulin. The 
pump is manufactured by Muirhead Vactric Com- 
ponents Ltd. of Beckenham, Kent. 
Although the outlet capillary tube 6 is metallic 

65 in the above example, it is possible to use an 
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insulating tube, especially when the liquid to be 
atomised has a resistivity towards the lower end 
of the range. In this case an electrode contacts the 
liquid upstream of the spraying edge. The liquid is 
itself sufficiently conducting to carry the charge to 
the spraying edge so to define the electric field 
between the spraying edge and the shield elec- 
trode 8. The lower the resistivity of the liquid the 
further upstream contact can be made with the 
liquid. 

Although illustrated as one integral piece the 
capsule 50 may be formed as two separable parts 
to facilitate cleaning. 

A further form of spraying edge is illustrated in 
Figure 3. This spraying edge comprises an outer 
insulating tube 18 tapered externally at one end 
20. A conducting core 22 is connected to the high 
voltage generator 10 by a lead 23. The core 22 
tapered to a point 24 at one end. The point 24 
projects slightly beyond the outer insulating tube 
so defining an annular orifice 26 therewith. The 
arangement produces a single ligament from the 
tip of the projecting point of the core. 

All the examples of spraying edges described 
above are arranged to produce a single ligament 
principally because of the very low flow rate 
which may be required in the particular applica- 
tion of an inhaler. In applications where higher 
flow rates may be required, it may be appropriate 
to use a spraying edge which produces a plurality 
of ligaments. One form of spraying edge which 
produces a plurality of ligaments is a linear nozzle 
(not shown), in this form liquid is fed to a linear 
edge at which the intense electric field is formed. 
The linear edge may be fed with liquid from a slot 
at or spaced from the edge. A linear nozzle is 
illustrated in British patent specification No. 
1569707. If the edge is plane, ligaments form 
along its length at intervals determined by 
various factors including the field strength and 
the flow rate. It is possible to position the liga- 
ments to some extent by means of irregularities 
in the edge, for example teeth, which provide 
local intensification of the field from which the 
ligaments issue. 

To illustrate the use of a linear nozzle, Figure 2 
could still be considered a cross section through 
the apparatus, the outlet 6, shield electrode 8 and 
discharge electrode 16 all extending linearly at 
right angles to the plane of the paper, in effect the 
outlet would be a slot feeding a linear edge. It is 
possible to space the slot back from the edge, as 
would be the case if the arrangement of Figure 3 
were considered to be a section through a linear 
nozzle. The spraying edge would then be a linear 
edge instead of a point described above, and the 
annular orifice would be a slot above and below 
the edge. The edge could be fed from a slot on 
just one side. In such arrangements the orifice 14 
in the shield electrode is in the form of a slot and 
the discharge electrode is either in the form of an 
edge or a row of discrete points as that illustrated. 

Formulations suitable for use with an inhaler 
embodying the invention, are likely to have a 
resistivity in the range 5 x 10 a to 10 8 ohm cm. 



Predominantly aqueous formulations are not 
completely satisfactory, since the droplet size is 
so small that evaporation takes place very quickly. 
Water also has a high surface tension which 

s makes it difficult to spray. Suitably the formula- 
tion comprises an acceptable organic diluent and 
the amount of water, if present, comprises not 
more than about 50% of the total diluent, more 
suitably less than 20% and preferably less than 

w 10%. 

The formulation consists of a suitable, phar- 
maceutical^ acceptable, solvent e.g. dimethyl 
isosorbide, glycerol, propylene glycol and poly- 
ethylene glycol of average molecular weight up to 

15 about 600 admixed with water or ethanol. In 
addition the formulations may contain a suitable 
pharmaceutical^ acceptable surfactant e.g. poly- 
ethoxy-ethylated castor oils CCremophors"), 
polyoxyethylene-polyoxypropylene block copoly- 

20 mers ("Pluronics", "Synperonics"), polyoxyethy- 
lene sorbitan derivatives {'Tweens"), polyoxy- 
ethylene oleyl ethers ("Brijs") and sorbitan esters 
of fatty acids ("Spans"). Such materials are pre- 
ferably present at not more than 1% concen- 
ts tration. 

An inhaler embodying the invention is suitable 
for the administration to a patient of any drug 
which can be administered via the lungs, either to 
have a direct effect on the lungs, for example for 

30 the treatment of asthma, emphysema or bron- 
chitis, or for absorption from the lung into the 
bloodstream in order to produce a systemic 
therapeutic effect elsewhere in the body. 
Examples of drugs which have a direct effect on 

35 the lung for the treatment of asthma, emphysema 
or bronchitis are bronchospasm relaxants such as 
adrenaline, isoprenaline, orciprenaline, ephed- 
rine, phenylephrine, diphenhydramine, ter- 
butalene, isoetharine, etafedrine, meth- 

40 oxyphenamine, theophylline, aminophylline, sal- 
butamol, sodium cromoglycate, ipratropium 
bromide, beclomethasone, betamethasone valer- 
ate, fenoterol reproterol, pirbuterol, budesonide, 
ketotifen and compounds as defined and claimed 

45 in published European patent specification No. 
189 305, particularly those compounds defined in 
claims 4, 5 and 6. Examples of drugs which can be 
administered systemicaliy via the lungs include 
polypeptide drugs, for example luteinising hor- 

so mone-releasing hormone, and synthetic 
analogues thereof. 

Suitably the active ingredient is in the formula- 
tion in a concentration range of 0.1 to 20%, and 
preferably 5 to 10%, but the required concen- 

55 tration depends, naturally, upon the potency of 
the particular drug being used. 

Claims 

50 1. Apparatus for producing a spray of droplets 
of a liquid, comprising: a spraying edge (7); a 
field-intensifying electrode (27) spaced from the 
spraying edge and having an orifice through 
which liquid sprayed from the edge can issue; 

55 and means (10) for producing a charge to a high 
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potential of one polarity relative to the field- 
intensifying electrode in liquid at the spraying 
edge, to define an electric field between the edge 
and the field-intensifying electrode sufficient to 
cause the liquid to issue from the edge as at least 
one cone (11) from which electrostatic forces 
repel through the orifice a ligament (28) which 
breaks up into a spray of charged droplets; 
characterised in that the apparatus also com- 
prises a sharp discharge electrode (16) and means 
(10) for charging the discharge electrode (16) to a 
high polarity relative to the field intensifying 
electrode, such as to produce a corona to dis- 
charge the spray, and further characterised in that 
the field intensifying electrode takes the form of a 
shield electrode (8) of sufficient overall dimen- 
sions and having a sufficiently small orifice (14) to 
shield the edge (7) and the cone of liquid (11) from 
the corona. 

2. An inhaler for producing a spray of droplets 
of a liquid to be inhaled, characterised by walls 
(50) defining, with a shield electrode (8), a 
chamber (15) having an air passage (52, 54) 
therethrough; a spraying edge (7), the shield 
electrode (8) being spaced from the edge (7) and 
having an orifice (14) through which liquid 
sprayed from the edge (7) can issue into the 
chamber (15); means (10) for producing a charge 
of high potential of one polarity relative to the 
shield electrode (8) in liquid (11) at the spraying 
edge (7), to define an electric field between the 
edge (7) and the shield electrode (8) sufficient to 
cause the liquid to issue from the spraying edge 
(7) as at least one cone (11) from which electro- 
static forces repel through the orifice (14) a 
ligament (12) which breaks up into a spray of 
charged droplets; a sharp discharge electrode 
(16) spaced from the shield electrode (8) in said 
chamber (15); means (10) for charging the dis- 
charge electrode (16) to a high potential of the 
other polarity relative to the shield electrode (8), 
such as to produce a corona to discharge the 
spray, the shield electrode (87) being of sufficient 
overall dimensions and having a sufficiently small 
orifice (14) to shield the edge (7) and the cone of 
liquid (11) from the corona. 

3. An inhaler as claimed in claim 2, including a 
face mask (56). 

4. An inhaler as claimed in claim 2 or 3, wherein 
the discharge electrode (16) is positioned at the 
chamber wall opposite the spraying edge (7) and 
protrudes into the chamber (15) by a small 
amount, the chamber wall being insulating or 
semi-insulating at least in the vicinity of the 
discharge electrode (16). 

5. An inhaler as claimed in claim 4, wherein the 
chamber wall at which the discharge electrode 
(16) is positioned is concave with respect to the 
chamber (15). 

6. An inhaler as claimed in claim 4 or 5, wherein 
the air passage (52, 54) is transverse to the 
direction of spray. 

7. An inhaler as claimed in any of claims 2 to 6, 
arranged to produce a spray having a droplet size 
of from 2 to 5 microns diameter when used with a 



liquid having a resistivity in the range from 5 x 
10 3 ohm cm to 10 8 ohm cm. 

8. An inhaler as claimed in claim 7, wherein the 
liquid has a resistivity in the range from 10 5 to 10 8 

5 ohm cm. 

9. An inhaler as claimed in any of claims 2 to 8, 
wherein the spraying edge (7) is arranged to 
produce a single ligament. 

10. An inhaler as claimed in claim 9, wherein 
10 the spraying edge (7) comprises an annular orifice 

(8) arranged to feed liquid to the surface of a 
projecting pointed core (24), so that, in use, the 
single ligament issues from the point of the core. 

11. An inhaler as claimed in claim 10, wherein 
is the spraying edge (7) comprises the end of a 

capillary tube. 

12. An inhaler as claimed in any of claims 2 to 
11, wherein the means for charging the liquid is 
arranged to charge the liquid to a positive poten- 

20 tial relative to the shield electrode (8). 

Patentanspruche 

1. Vorrichtung zur Erzeugung eines Sprays aus 
25 Flussigkeitstropfchen, mit einer Spruhkante (7), 

mit einer im Abstand von der Spruhkante ange- 
ordneten Feldverstarkungselektrode (27), die eine 
Offnung aufweist, durch welche von der Kante 
abgespruhte Flussigkeit austreten kann, und mit 

30 einer Einrichtung (10) zur Erzeugung einer 
Ladung mit einem relativ zur Feldverstarkungs- 
elektrode hohen Potential einer Polaritat in der 
Flussigkeit auf der Spruhkante, um ein elektri- 
sches Feld zwischen der Kante und der Feld- 

35 verstarkungselektrode zu erzeugen, das ausreicht, 
daft Flussigkeit von der Kante als mindestens ein 
Konus (11) abflieBt, von welchem elektrostatische 
Krafte ein Ligament (28) durch die Offnung Zie- 
hen, das in einen Spray von geladenen Tropfchen 

40 aufbricht, dadurch gekennzeichnet, daB die Vor- 
richtung auch eine scharfe Entladungselektrode 
(16) und eine Einrichtung (10) zur Aufladung der 
Entladungselektrode (16) auf eine relativ zur Feld- 
verstarkungselektrode hohe Polaritat aufweist, so 

45 daB eine Corona erzeugt wird, um den Spray zu 
entladen, und weiter dadurch gekennzeichnet, 
daB die Feldverstarkungselektrode die Form einer 
Abschirmelektrode (8) mit ausreichenden 
Gesamtabmessungen und mit einer ausreichend 

so kleinen Offnung (14) aufweist, daB die Kante (7) 
und der Flussigkeitskonus (11) von der Corona 
abgeschirmt werden. 

2. Inhalator zur Erzeugung eines zu inhalieren- 
den Sprays von Flussigkeitstropfchen, gekenn- 

55 zeichnet durch Wandungen (50), die mit einer 
Abschirmelektrode (8) eine Kammer (15) definie- 
ren, die eine Luftpassage (52, 54) aufweist, durch 
eine Spruhkante (7), wobei die Abschirmelektrode 
(8) von der Kante (7) einen Abstand aufweist und 

60 eine Offnung (14) besitzt, durch welche von der 
Kante (7) abgespruhte Flussigkeit in die Kammer 
(15) hindurchtreten kann, durch eine Einrichtung 
(10) zur Erzeugung einer Ladung mit einem relativ 
zur Abschirmelektrode (8) hohen Potential einer 

65 Polaritat in der Flussigkeit (1 1) auf der Spruhkante 
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(7), um eine elektrisches Feld zwischen der Kante 
(7) und der Abschirmelektrode (8) zu erzeugen, 
das ausreicht, da& Flussigkeit von der Spruhkante 
(7) a!s mindestens ein Konus (11) abstromt, von 
welchem elektrostatische Krafte ein Ligament (12) 
durch die Offnung (14) Ziehen, das in einen Spray 
geladenerTrdpfchen aufbricht, durch eine scharfe 
Entladungselektrode (16) im Abstand von der 
Abschirmelektrode (8) in der Kammer (15), und 
durch eine Einrichtung (10) zur Aufladung der 
Entladungselektrode (16) auf ein relativ zur 
Abschirmelektrode (8) hohes Potential mit der 
anderen Polaritat, so daft eine Corona erzeugt 
wird, um den Spray zu entladen, wobei die 
Abschirmelektrode (8) ausreichende Gesamt- 
abmessungen und eine ausreichend kleine Off- 
nung (14) aufweist, um die Kante (7) und den 
Konus der Flussigkeit (11) von der Corona abzu- 
schirmen. 

3. Inhalator nach Anspruch 2, welcher eine 
Gesichtsmaske (56) aufweist. 

4. Inhalator nach Anspruch 2 oder 3, bei 
welchem die Entladungselektrode (16) an der 
Kammerwandung gegenuber der Spruhkante (7) 
angeordnet ist und etwas in die Kammer (15) 
vorsteht, wobei die Kammerwandung zumindest 
in der Nachbarschaft der Entladungselektrode 
(16) isolierend oder halbisolierend ist. 

5. Inhalator nach Anspruch 4, bei welchem die 
Kammerwandung, an welcher die Entladungs- 
elektrode (16) angeordnet ist, in Bezug auf die 
Kammer (15) konkav ist. 

6. Inhalator nach Anspruch 4 oder 5. bei 
welchem die Luftpassage (52, 54) quer zur Rich- 
tung des Sprays verlauft. 

7. Inhalator nach einem der Anspruche 2 bis 6, 
welcher so ausgebildet ist, daB er einen Spray mit 
einerTrdpfchengroBe von 2 bis 5 um Durchmes- 
ser erzeugt, wenn er mit einer Flussigkeit eines 
spezifischen Widerstands von 5 x 10 3 bis 10° 
Ohm cm verwendet wird. 

8. Inhalator nach Anspruch 7, bei welchem die 
FIQssigkeit einen spezifischen Widerstand in 
Bereich von 10 s bis 10 8 Ohm cm aufweist. 

9. Inhalator nach einem der Anspruche 2 bis 6, 
bei welchem die Spruhkante (7) so ausgebildet 
ist, daft sie ein einziges Ligament erzeugt. 

10. Inhalator nach Anspruch 9, bei welchem die 
SprQhkante (7) eine kreisformige Offnung (8) defi- 
niert, die so angebracht ist, daft Flussigkeit zur 
Oberflache eines vorspringenden, spitzen Kerns 
(24) geliefert wird, damit beim Gebrauch das 
einzige Ligament von der Spitze des Kerns 
abflieBt. 

11. Inhalator nach Anspruch 10, bei welchem 
die Spruhkante (7) aus dem Ende eines Kapiilar- 
rohrs besteht 

12. Inhalator nach einem der Anspruche 2 bis 
11, bei welchem die Einrichtung zur Aufladung 
der Flussigkeit so ausgebildet ist, daB die Flussig- 
keit relativ zur Abschirmelektrode (8) auf ein 
positives Potential aufgeladen wird. 



Revendications 

1. Appareil pour la production d'un jet pulverise 
de gouttelettes d'un liquide, comprenant: un bord 
5 de pulverisation (7); une electrode d'intensi- 
fication de champ (27) espacee du bord de pulve- 
risation et ayant un orifice a travers lequel peut 
sortir le liquide pulverise a partir du bord; et des 
moyens (10) pour la production d'une charge a un 

w fort potentiel ayant une polarite, par rapport a 
I'electrode d'intensification de champ dans le 
liquide au niveau du bord de pulverisation, desti- 
nee a d6finir un champ electrique entre le bord et 
I'electrode d'intensification de champ suffisant 

is pour provoquer le jaillissement du liquide depuis 
le bord sous forme d'au moins un cone (11) 
duquel tes forces electrostatiques repoussent a 
travers I'orifice une trainee (28) qui se rompt en 
un jet pulverise de gouttelettes chargees; caractd- 

20 rise en ce que I'appareil comprend Sgalement une 
Electrode de decharge effilee (16) et des moyens 
(10) pour charger I'electrode de decharge (16) a 
une forte polarite par rapport a I'electrode d'inten- 
sification de champ, de maniere a produire une 

25 decharge en couronne pour decharger le jet 
pulverise, et caracte>is6 en outre en ce que I'elec- 
trode d'intensification de champ prend la forme 
d'une electrode de protection (8) ayant des ' 
dimensions totales suffisantes et ayant un orifice 

30 (14) suffisamment petit pour proteger le bord (7) 
et le cdne de liquide (11) de la decharge en 
couronne. 

2. Inhalateur destine a la production d'un jet 
pulverise de gouttelettes d'un liquide a inhaler, 

35 caracterise par la presence de parois (50) definis- 
sant, avec une electrode de protection (8), une 
chambre (15) renfermant un passage d'air (52, 
54); un bord de pulverisation (7), I'electrode de 
protection (8) etant espacee du bord (7) et ayant 

to un orifice (14) a travers lequel le liquide pulverise* 
a partir du bord (7) peut sortir dans la chambre 
(15); des moyens (10) pour produire une charge 
de fort potentiel ayant une polarite, par rapport a 
I'electrode de protection (8) dans le liquide (1 1 ) au 

*5 niveau du bord de pulverisation (7), destined a 
definir un champ electrique entre le bord (7) et 
I'electrode de protection (8) suffisant pour pro- 
voquer le jaillissement du liquide depuis le bord 
de pulverisation (7) sous forme d'au moins un 

50 cdne (11) duquel les forces electrostatiques 
repoussent a travers I'orifice (14) une trainee (12) 
qui se rompt en un jet pulverise* de gouttelettes 
charges; une electrode de decharge effilee (16) 
espacee de i'electrode de protection (8) dans 

55 ladite chambre (15); des moyens (10) pour char- 
ger I'electrode de decharge (16) a un fort potentiel 
de polarite opposee a ceile de I'electrode de 
protection (8) de maniere a produire une 
decharge en couronne pour decharger le jet 

so pulverise, I'electrode de protection (8) ayant des 
dimensions totales suffisantes et ayant un orifice 
(14) suffisamment petit pour proteger le bord (7) 
et le cdne de liquide (11) de la decharge en 
couronne. 

65 3. Inhalateur suivant la revendication 2, com- 
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prenant un masque facial (56). 

4. Inhalateur suivant la revendication 2 ou 3, 
dans lequel {'electrode de decharge (16) est posi- 
tionnee au niveau de la paroi de la chambre 
opposee au bord de pulverisation (7) et fait 
legerement saillie dans la chambre (15), la paroi 
de la chambre etant isolante ou semi-isolante au 
moins a proximite de I'electrode de decharge (16). 

5. Inhalateur suivant la revendication 4, dans 
lequel la paroi de la chambre au niveau de 
laquelle I'electrode de decharge (16) est position- 
nee est concave par rapport a la chambre (15). 

6. Inhalateur suivant la revendication 4 ou 5 f 
dans lequel le passage d'air (52, 54) est transver- 
sal par rapport a la direction de pulverisation. 

7. Inhalateur suivant les revendications 2 a 6, 
congu de maniere a produire un jet pulverise dont 
les gouttelettes possedent un diametre de 2 a 5 
micrometres lorsqu'il est utilise avec un liquide 
ayant une resistivite comprise dans I'intervalle de 
5 x 10 3 ohm.cm a 10 fl ohm.cm. 

8. Inhalateur suivant la revendication 7, dans 



lequel le liquide possede une resistivite comprise 
dans I'intervalle de 10 s a 10 8 ohm.cm. 

9. Inhalateur suivant Tune quelconque des 
revendications 2 a 8, dans lequel le bord de 

5 pulverisation (7) est congu de maniere a produire 
une seule trainee. 

10. Inhalateur suivant la revendication 9, dans 
lequel le bord de pulverisation (7) comprend un 
orifice annulaire (8) congu de maniere a amener le 

to liquide a la surface d'une partie centrale pointue 
en saillie (24) de sorts que, lors de I'utilisation, la 
trainee unique sorte de la pointe de la partie 
centrale. 

11. Inhalateur suivant la revendication 10, dans 
is lequel le bord de pulverisation (7) comprend 

I'extremite d'un tube capillaire. 

12. Inhalateur suivant Tune quelconque des 
revendications 2 a 11, dans lequel les moyens 
pour charger le liquide sont congus de maniere a 

20 charger le liquide a un potentiel positif par rap- 
port a I'electrode de protection (8). 
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